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Introduction
Strokes are a leading cause of mortality and disability worldwide. In 2016, the global prevalence of strokes was 80.1 million cases, with 5.5 million deaths from strokes, and 13.7 million people experiencing a first stroke, resulting in 116.4 million Disability-Adjusted Life Years lost due to stroke, showing a trending increase in strokes.
China, the world's largest population, has 1.4 billion people. Every year, China sees 2.5 million new stroke patients. The annual stroke mortality rate is 1.6 million, approximately 157 per 100,000, surpassing heart disease to become the leading cause of death and disability. Strokes cause almost 116 deaths per 100,000 people living in metropolises and 111 deaths per 100,000 people living in rural areas. 2, 3 Northeast China has the highest incidence (486 per 100,000), whereas in southern China, the incidence is significantly lower (136 per 100,000). 4 Heilongjiang province, which is in the northeast of China, has the highest incident rate. It is six times higher than Guangxi province in the south of China, with a mortality rate nine times higher. In Harbin, the capital city of Heilongjiang, the incidence and mortality of stroke were the highest among 12 cities and 22 rural areas in 21 provinces, with a prevalence secondary to Beijing. 5 Patients with a history of stroke have a 30% to 43% risk of recurrence within five years. 6 The mortality rate in the first stage of stroke recurrence is 56.2%. Therefore, the prevention of recurrence is essential to reducing the severity and mortality of this disease. 7 In China, details on stroke recurrence prevention strategies are scarce. More studies are needed to examine the effectiveness of all stroke recurrence prevention efforts at the national level. 4 Currently, taking medication regularly is a way to prevent the recurrence of strokes. However, stroke patients do not typically maintain regular medicine habits. Many factors contribute to regular medicine habits, such as financial constraint, family support, several doses, knowledge about the medicine, perception of illness, and medication beliefs. [8] [9] [10] Medication beliefs and the perception of illness are a direct consequence of the patient's intention and decisions regarding medicine intake, resulting in consistent consumption behavior. The common-sense model of self-regulation reveals that an adaptive response to illness depends on the belief or perception of the sickness of the person. 11 In addition to the perception of illness, medication beliefs are essential factors affecting the patient's decision about the medicine. 12 Research on the perception of illness in hypertensive patients also found that patients who aware of their disease being chronic are more likely to take medication to control or prevent more severe illness. 13 In China, patient perceptions of injustice correlated to the costs of care and conflicts of interest, inadequate physician practice, and health systems factors contributed to the patient-physician mistrust, the trust between healthcare providers and patients has been diminished, various patients suspected their personal need and questioned the necessity of their treatment, which is associated with nonadherence. 14, 15 Moreover, they may not consult their health care providers about the treatment they receive. It is possible that this may cause uncertainty about the prescribed medicine, the perceived illness, and medication adherence. 15 This study aims to investigate the association and the mediating effect among medication beliefs, perception of illness, and medication adherence in ischemic stroke patients.
Materials and Methods

Design, Settings, and Sample
In this cross-sectional study, questionnaire data have been merged with clinical data from The Second Affiliated Hospital of Harbin Medical University, Harbin, China. The questionnaire consisted of multiplechoice, single-item scale, and Likert scale questions designed to assess patient's demographic data, the cognitive and emotional representation of ischemic stroke, patient beliefs about ischemic stroke medication, and medication adherence. Participants were invited to take part in the study by the healthcare professionals, according to inclusion criteria, upon hospital admission during the study period.
A recent meta-analysis showed a small-to-moderate effect resulting from psychological beliefs on adherence to medicine across 94 studies, with a total sample size of 25,072 and an average sample size of 266. 15, 16 Therefore, the sample size for the current study was set at no smaller than 300. The inclusion criteria specified patients who had a clinical diagnosis of ischemic stroke from a healthcare professional (according to The American ICD-10-CM version, diagnosis code ICD-10: I63.902), who were on any ischemic stroke preventative medication and who provided informed consent. Exclusion criteria specified patients who had concurrent diagnoses of any condition profoundly affecting cognition (e.g., schizophrenia, dementia), who could not complete the questionnaire, and/or who had declined to participate.
Patient Involvement
We acknowledged that patients in the hospital -and especially those in the stroke unit -were likely to be elderly and/or have multiple physical constraints. Therefore, before the study started, 30 people (including healthcare providers and patients) were asked to complete the questionnaire. This was done in order to assess whether Chinese patients would easily understand the Chinese versions of the questionnaires; this arrangement was also made to provide help, as healthcare professions could instruct respondents on how to complete the questionnaire and/or explain the meaning of an item when difficulty arose. 15 After this process, we found that the comments were entirely positive. Only a few words needed to improve; for example, in The Brief Illness Perception Questionnaire (BIPQ) question 1, instead of using "How much does your illness affect your life?", patients more readily understand the intent of the inquiry when we replaced "illness" with "ischemic stroke".
Measurements Personal Information Inquiries and Health Records
Demographic information included admission date, hospital number, age, gender (as "Men" or "Woman"), score on the Chinese version of The National Institute of Health Stroke Scale (NIHSS), 17 education (as "Literacy", "Primary school", "Middle school", "High school or college" or "University or above"), occupation (as "Farmer", "Worker", "Housewife or unemployment", "Retirement", "Healthcare professional", "Civil service", or "Teacher"), duration of disease (whether patients have has ischemic stroke "less than 1 year", "1-5 years" or "more than 5 years"), and payment methods (whether patients use "Selfsupporting commercial", "A new rural cooperative medical system", "Urban medical insurance" or "Commercial medical insurance").
Brief Illness Perceptions Questionnaire (BIPQ)
The BIPQ is a nine-item questionnaire designed to quickly evaluate the cognitive and emotional representation of an illness. 18 It uses a single-item scale approach to assess perceptions on a 0-10 response scale. For example, question 1 (How much does your ischemic stroke affect your life?), a score of 0 = "no affect at all", whereas a score of 10 = "severely affects my life". The overall score was calculated as the sum of reversed scores of question 3 (How much control do you feel you have over your ischemic stroke symptoms?), question 4 (How much do you think your treatment can prevent your ischemic stroke?), and question 8 (How much do you think you know about ischemic stroke?) and the score of questions 1,2,5,6, and 7. Therefore, a higher overall BIPQ score indicates that the patient views the illness as more dangerous. 19 The BIPQ includes five items for cognitive representation of illness perception: consequences, timeline, personal control, treatment control, and identity, two items on emotional representation: concern and emotions, and one item on illness comprehensibility: perceived cause of illness. According to existing literature, 20 the question on illness comprehensibility involves qualitative analysis, therefore, it was not used in our study. For this questionnaire, the general word "illness" was replaced by the name of a particular illness: "ischemic stroke." The BIPQ has been tested in several illness groups and shows reliability and validity. Good testretest reliability (Pearson correlations 0.24-0.73) has also been demonstrated. 21 The Chinese BIPQ has acceptable intercorrelation and test-retest reliability, with a Cronbach's alpha of 0.538 to 0.757.
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Beliefs About Medications Questionnaire (BMQ)
The BMQ was designed to assess cognitive representation regarding medication in four dimensions: specific necessity, specific concerns, general overuse, and general harm. 23, 24 All 18 questions were scored on a 5-point Likert scale (1=strongly disagree, 2=disagree, 3=uncertain, 4=agree, 5=strongly agree). The mean for the item score was then calculated as the sum of each item score divided by the number of items. For example, the mean score for specific necessity = (N1+N2+N3+N4+N5)/5, and the mean score for general harm = (N1+N2+N3+N4)/4). Subscales were excluded for individuals with one or more answers missing from the total score of the corresponding BMQ. 15, 20 Validity and reliability have been confirmed by previous studies. 24 For the Chinese version, the Cronbach's α coefficients of the necessity dimension and concerns dimension were 0.813 and 0.706, respectively, and the test-retest reliability coefficients were 0.743 and 0.786, respectively.
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The Medication Adherence Self Report Scale (MARS)
We used the five-item version of the MARS to evaluate adherence to ischemic stroke medication. 26 The MARS consists of five general statements about non-adherent behavior on a 5-point Likert scale (1=always, 2=often, 3=sometimes, 4=rarely, 5=never). The MARS is internally reliable (Cronbach's alpha across four studies, 0.68 to 0.86), with exceptional test-retest reliability (r=0.97).
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The Chinese version of MARS demonstrated good internal consistency (Cronbach's α coefficient was 0.87), content validity (content validity index was 1.00), and criterionrelated validity (r=0.77, P=0.01). 28 The consequence variable was calculated as the total score on the MARS-5. Previous studies performed sensitivity analyses using MARS scores 20 or 21 as the cut-off for nonadherence. 20 Therefore, in our study, we used MARS scores of 20 as the cut-off point (scores < 20 define as nonadherence).
Data Collection
Patients who had a clinical diagnosis of ischemic stroke who were able to answer questions were invited by the healthcare professionals to take part in the study when they were admitted to the hospital during the study period. When patients had comorbidity, they were only included for the condition for which they were hospitalized. 15 After information was provided verbal consent obtained, participants were asked to complete a questionnaire that took approximately 15 to 20 mins.
Data Analysis
Differences existed in the baseline characteristics as well as in the medication beliefs and perception of illness between adherent and non-adherent patients. We assessed these using chi-square and t-tests as appropriate.
The corresponding effect size used to describe the size of the difference in mean values between adherence and nonadherence relative to the standard deviation was calculated using Cohen's d, which was computed as the difference between two mean values divided by the pooled standard deviation as follows: effect size =
, where SD 1 is the standard deviation of group 1 (non-adherence) and SD 2 is the standard deviation of group 2 (adherence). The literature showed that cutoffs and percent overlap between the groups for small, medium, and large effect size, at 0.20 (85%), 0.50 (67%) and 0.80 (53%), respectively. 29 The adjusted characteristic of ischemic stroke patients according to medication adherence and the adjusted association between medication beliefs and the perception of illness with medication adherence were assessed using a logistic regression analysis. The first model included medication beliefs. The second model encompassed the perception of illness (overall score) and demographic information. For the final model, we combined medication belief, each of the domains of the perception of illness, and demographic information. Pearson correlations were used to examine the relationships between BMQ, BIPQ, and MARS.
For mediation analysis, we used the "PROCESS" Procedure for the Statistics Package for the Social Sciences (SPSS) Version 3.3, written by Andrew F. Hayes. 30 In evaluation of the significance of indirect effects, we applied 5000 bootstraps to estimate 95% Cl. As in previous studies, in order to avoid a collinearity problem that could diminish the indirect effects, we separately analyzed the indirect effect of medication belief mediators in the association between the perception of illness and medication adherence. 31 We adopted the strategy proposed by Preacher and Hayes to evaluate our pathway and followed four necessary steps to assess mediation. 32, 33 Step 1: association between the perception of illness and medication adherence (Path c=X →Y; total effect); step 2: association between the perception of illness and medication belief mediators (Path a=X → M); step 3: association between medication belief mediators and medication adherence (Path b=M → Y); and step 4: association between the perception of illness and medication adherence after controlling for medication belief mediators (Path c'=direct effect). The mediation analyses were controlled for all characteristics of ischemic stroke patients. Statistical analyses were performed using IBM SPSS Statistics V. 20.0.
Results Participants
Between June 2018 and October 2018, there were 336 ischemic stroke patients in the study. Of those patients, 30 (8.9%) missed the questionnaire completely (three patients with incomplete BMQ, four patients with unfinished BIPQ, three patients with inadequate MARS, and 20 with missing clinical data), resulting in an ultimate analytical sample size of 306 (91.1%). Table 1 shows the characteristics of ischemic stroke patients using MARS. The mean age of patients was 63.47 ±10.20 years. 57.8% were men, while 36.3% had a middle school education. 34%, 35%, and 25.8% had been diagnosed with ischemic stroke for less than one year, one to five years, and more than five years respectively; most of the respondents were workers (29.4%) making use of urban medical insurance (48.7%). Overall, 220 (65.48%) participants were nonadherent to their ischemic stroke medications. Non-adherent patients had greater severity of a stroke (P = 0.031) compared to adherent patients (NIHSS scores ≤ 4: mild impairment, NIHSS scores 5-14: mild to moderate impairment). 34 Adherent and non-adherent participants did not vary in terms of age, gender, education, occupation, duration of disease, or payment methods (P > 0.05 for all evaluations). Table 2 contains the replies to the BIPQ and the BMQ. In the responses to the BIPQ, non-adherent patients stated that strokes had a greater effect on their lives (P = 0.000; Cohen's d = 0.62), believed that the illness would continue for a longer time (P = 0.001; Cohen's d = 0.41), and had experienced more stroke symptoms (P = 0.000; Cohen's d = 0.60), moreover, nonadherent participants reported being more concerned about strokes (P = 0.002; Cohen's d = 0.38), and also more emotionally affected by the ailment (P = 0.000; Cohen's d = 0.48). However, there was no significant difference between adherent and non-adherent patients in the score distribution of items measuring patient personal control (P = 0.218; Cohen's d = 0.16), treatment control (P = 0.863; Cohen's d = 0.02), and patient comprehensibility (P = 0.719; Cohen's d = 0.05).
Unadjusted Comparison of Perception of Illness and Medication Beliefs According to Medication Adherence
In the responses to the BMQ, non-adherent patients expressed more concern about the harmful effects of their use of medicines (P = 0.000; Cohen's d = 0.64). Likewise, they had more perceived notions that doctors overuse or put Abbreviations: NIHSS, The National Institute of Health Stroke Scale.
too much trust in medicines (P = 0.000; Cohen's d = 0.51) and that stroke medicine could negatively affect their lives (P = 0.000; Cohen's d = 0.45). Alternatively, there were no significant differences between adherent and non-adherent patients the Specific Necessity dimension (P = 0.344; Cohen's d = 0.12).
Adjusted Comparison of Perception of Illness and Medication Beliefs According to Medication Adherence
The results of the multivariate analysis showed that variables contributing to medication adherence included education (equal to the university level or above) (odds ratio In Table 3 , we evaluated the association of four dimensions of medication beliefs with medication adherence, adjusted the comparison of the perception of illness (overall score) and demographic factors according to medication adherence. Then we consecutively adjusted for the first model and eight domains of the perception of illness with demographic factors.
Model 1 measured the association of four dimensions of medication beliefs (evaluated by BMQ) with medication adherence alone. Adherent participants diagnosed with ischemic stroke reported significantly lower scores regarding positive statements about their medicines-specific concern (OR: 0.574, 95% CI: 0.405 to 0.813, P = 0.002). That is, when the patient has a significant concern about the harmful effects of the use of their medicines, they are more likely to report non-adherence. Notes: # Each item scored on a scale of 0-10. *Possible mean scores 1-5; a higher score indicates a greater belief that ischemic stroke medications are necessary. **Possible mean scores 1-5; a higher score indicates a greater worry about ischemic stroke medications. ***Possible mean scores 1-5; a higher score indicates a greater belief that doctors overuse or put too much trust in medicines. ****Possible mean scores 1-5; a higher score indicates a greater belief that ischemic stroke medications are harmful.
In their responses on the perception of illness (Model 2) as evaluated by BIPQ, the perception of ischemic stroke was significantly associated with medication adherence (OR: 0.964, 95% CI: 0.944 to 0.985, P = 0.001). This means that when the patient has greater negative perceptions about the disease, it was significantly associated with non-adherence.
Our final model (Model 3), which included medication beliefs, each of the domains of the perception of illness, and characteristics of ischemic stroke patients, showed an insignificant influence on the associations observed in Model 1. The results for specific concerns slightly changed the statistical significance (OR: 0.652, 95% CI: 0.431 to 0.987, P = 0.043). However, the results regarding each of the domains of the perception of illness have lost statistical significance (P > 0.05 for all evaluations).
The Pearson Correlation Between BMQ, BIPQ, and MARS
The correlation between BMQ, BIPQ and MARS is shown in Table 4 . Specific necessity was significantly related to specific concern (r = 0.147, P < 0.05, n = 306) and general overuse (r = 0.188, P < 0.01, n = 306). There was also a significant association between specific concern and general overuse, general harm, BIPQ, and MARS (r = 0.438, 0.382, 0.305 and −0.317, respectively, P < 0.01, n = 306). General overuse was also correlated with general harm, BIPQ, and MARS (r = 0.492, 0.215 and −0.404, respectively, P < 0.01, n = 306). Likewise, general harm was significantly related to BIPQ and MARS (r = 0.174 and −0.368, P < 0.01, n = 306). Overall, the Pearson correlation coefficient was −0.278 (P < 0.01) for BIPQ and MARS. These results indicate that as MARS decreased, specific concern, general overuse, general harm and BIPQ increased, and specific necessity did not.
Testing the Mediation Role of Medication Belief Mediators
The results of the mediation analyses are shown in Table 5 . The significant indirect effects of specific concern (M2) 
Discussion
In this cross-sectional study, we discovered that more severe ischemic stroke was a significant association with poor adherence. Moreover, we found that medication beliefs impact medication adherence and are mediated by factors such as patient concerns about the medication, and the belief that doctors overuse medications. The information in this study can help design clinical practice interventions to prevent instances of non-adherence. Further studies are needed because medication adherence is a tremendously important factor in decreasing mortality, morbidity, and medical costs in chronic diseases. 35 Many healthcare providers have become increasingly conscious of medication adherence research. 36 A qualitative study of 180 stroke patients revealed that adherent patients reported remembering to take medicines and looking for support both from parents and health professionals. Furthermore, they understand the consequence of non-adherence and believe their medicines provide more help than harm. 37 Moreover, a predictive study of ischemic stroke patients showed that medication beliefs could best predict medication adherence (b = 0.415, P < 0.05), followed by illness perception (b = −0.293, P < 0.05). 38 A longitudinal study of 180 stroke survivors found that younger patients who had increased specific concern about medications, reduced cognitive functioning, and low perceived benefit of medication reported poor adherence. 39 Our research on a majority of elderly subjects with ischemic stroke found that concern about medications and illness perception were important predictors of non-adherence. Over 65% of our study participants were classified as nonadherent. This was consistent with the medication adherence study in 535 participants over the age of 40 years who had at least one stroke or transient ischemic stroke (TIA) in the previous five years. The result showed that a great proportion of participants (67%) with likely Posttraumatic Stress Disorder (PTSD) were nonadherent to medications. 40 Moreover, our research was also consistent with the medication adherence research in chronic obstructive pulmonary disease (COPD) patients in the United States, which found that almost 60% of participants were non-adherent to their COPD regimen, highlighting the extent of this problem across a diverse setting. 41 The significance of our study is emphasized by the fact that the majority of our participants had high stroke severity [ Table 1 ]. Therefore, adequate exposure to the healthcare providers and an opportunity to learn and practice appropriate selfmanagement behaviors should be provided for the patients. The adjusted results showed that specific concern and the perception of illness (overall score)-that is, when the patient has a more significant concern about the harmful effects of their use of medicines and greater negative perceptions about the disease-were significantly associated with non-adherence. Our finding was consistent with a recent study that showed that adherent stroke, diabetes mellitus, rheumatoid arthritis, and chronic obstructive pulmonary disease patients had significantly fewer concerns about medicines. 15, 20, 41 Moreover, a predictive study found that increased specific concerns about medication can predict poor adherence. 39 A study in hypertensive patients revealed that general harm and general overuse of medicines were not significantly correlated with adherence or prediction for a large group of medication adherent patients. 43 Likewise, general overuse and general harm were not associated with medication adherence in our research. It can be interpreted that usually, in Chinese society, if there is a minor ailment, a patient will use general medicines that can be purchased without having to travel to the hospital for treatment. However, with these convenient access channels, all patients can simply buy prescriptions for themselves beyond the necessity, such as Traditional Chinese Medicine (TCM) which can create the belief that they are not worried about taking prescribed medicine. 44, 45 The perception of ischemic stroke (overall score) was significantly associated with medication adherence in our results, which consistent with the predictive study in Thailand that showed that illness perceptions were significantly associated with and could predict medication adherence. 38 The study of key barriers to medication adherence in survivors of strokes and transient ischemic attacks revealed that the low perceived need for medications (the necessity of medicine) was not associated with medication adherence (OR: 1.230, 95% CI: 0.790 to 1.910, P = 0.36). 46 Likewise, the perception of the necessity of medicine (specific necessity) was not associated with medication adherence in our analysis (OR: 0.848, 95% CI: 0.575 to 1.250, P = 0.405) [Model 3 in Table 3 ]. Therefore, it may be appropriate to study belief about the necessity of ischemic stroke medications in China. The previous study revealed that numerous Chinese patients questioned the necessity of the individual treatment they received. 15 Notably, older and chronic patients are skeptical of western doctors, 44 making them averse to compliance with western medicine (including ischemic stroke medications). Compared to western treatment, Chinese people believe Traditional Chinese Medicine (TCM) to have more benefits in terms of lower side effects, more options, psychological comfort, and an increase in the quality of the relationship between patients and healthcare providers. 45 Thus, the point estimate about the necessity of the individual prescription among Chinese people could be due to opportunity, and further studies are needed to explore this finding further.
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In the correlation analysis, Table 4 shows that specific necessity was not significantly correlated with general harm in our research. This was supported by a crosssectional study in China. 15 Pearson correlation coefficients between specific necessity and general harm in stroke, diabetes mellitus, and rheumatoid arthritis patients were not significantly associated. Moreover, our results also found that the MARS score for ischemic stroke patients was negatively associated with a specific concern. This result is also supported by a cross-sectional survey of 485 chronically ill patients (hypertension, musculoskeletal disease, diabetes type 2 and cardiac insufficiency), which found that MARS scores were negatively correlated with BMQ-concerns. Thus, chronically ill patients with fewer concerns about the side effects of their medicine tended to be more adherent. 47 In our study, the total MARS scores were significantly correlated with the perception of ischemic stroke (BIPQ overall score). However, according to previous research, the full MARS scores were generally not significantly associated with the BIPQ scores. 48 While bivariate relationships between medication beliefs, perception of illness, and medication adherence have been identified, the multifaceted relationship among them has not been explained. Another important finding in our study is that medication belief mediates the perception of ischemic stroke and medication adherence. The assessment of a mediating effect could help understand how the perception of illness affects medication adherence through medication belief. Patients are likely to develop nonadherence if they have a higher disease congruence and more extensive disease symptoms, worry about stroke medications, believe that doctors overuse or put too much trust in their medicines, and accept that stroke medications are harmful. This was consistent with a crosssectional survey of chronic disease patients (asthma, hypertension, diabetes, hyperlipidemia, osteoporosis, depression) which found that in the mediation analysis, the effect of medication beliefs (perceived need, concerns, and affordability) on intentional non-adherence is mediated through unintentional non-adherence.
Moreover, our findings were also supported by a mediating role study of type 2 diabetes patients that found that depressive symptoms affected diabetes medication adherence through perceived side effect barriers, perceived general barriers, and self-efficacy. 50 Furthermore, research on asthma patients revealed that medication beliefs mediated the association between minority status and asthma medication adherence. 51 Therefore, in our study, the promotion of the perception of disease and belief in medicine is vigorous in preventing non-adherence. We acknowledge that in our research, patients with hemorrhagic stroke were not admitted into the ward in which our study was conducted due to the associated surgical procedures. Hence, our sample may under-represent those patients. Furthermore, as an observational study, we were not able to evaluate the causal relationship between variables, and our results may be confounded by unmeasured factors such as comorbidity, medication history and socioeconomic factors which may cause estimation bias. Therefore, to reduce this bias due to unobservable information, using an instrumental variable is needed in further studies. 52 However, this was a specific psychological study conducted in China. We chose a large teaching hospital and collected data continues until the target quantities were reached. Furthermore, we believe that our study makes a significant contribution to the literature because, although the prevalence of ischemic stroke is on the rise and medication adherence is a strong means of preventing future strokes, studies on medication adherence in ischemic stroke patients are few in China. Further studies using longitudinal design with a better, randomized sample from different provinces of China are recommended to develop the generalizability of these findings and analyze medication adherence over time. Finally, our results justify developing interventions to improve medication adherence among stroke patients.
Conclusion
This research expands recognized literature on the perception of illness, medication beliefs, and medication adherence in ischemic stroke patients. Therefore, our findings have clear implications that healthcare providers should modify expectations and perceptions that stand in the way of effective stroke self-management. Additionally, we used the STROBE checklist in reports of this cross-sectional study (supplementary data 2).
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